To validate algorithms to detect people with chronic psychotic illness in population-based health administrative databases.
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International Classification of Diseases 
Clinical Implications
• Health administrative data can be used to generate population-based case registries of people with chronic psychotic illnesses.
• Using hospitalization diagnoses will increase PPV, but may miss people with less severe forms of chronic psychotic illness who are never hospitalized.
• Using physician visit data in addition to hospitalization data increases the sensitivity of chronic psychotic illness algorithms at the cost of specificity and PPV.
Limitations
• The sample used to validate diagnostic algorithms was relatively small, limiting the power to detect small differences in test characteristics.
• Health records were abstracted from hospitals and not primary care settings which limits the generalizability of the findings to people with chronic psychotic illnesses who neither come into contact with specialists (psychiatrists) and (or) have had a psychiatric hospitalization.
S chizophrenia and other chronic psychotic illnesses, such as schizoaffective disorder, are severe and disabling mental illnesses. 1 While these illnesses are relatively low in prevalence (0.5% to 1%), 2 they are associated with poor psychiatric 3 and medical outcomes, including mortality, [4] [5] [6] and impart a significant economic burden to the health care system. 7 A large literature indicates that poor access to timely and effective health care resources partly explains the poor outcomes in this population. 5, [8] [9] [10] Studies of health care service use among people with chronic psychotic illness are necessary to understand why these poor outcomes occur, and to assess the effectiveness of system-level interventions that have been implemented to optimize health trajectories. Health administrative data are advantageous for these types of studies because they allow for population-level surveillance of risk factors and outcomes, as well as for the evaluation of a multitude of health services and supports for large numbers of people, at minimal cost.
Despite the frequent use of health administrative data for health services and outcome studies in this area, no definitive method for identifying people with chronic psychotic illnesses on a population-level has been recommended. This is in contrast to successful validation studies for cardiovascular illnesses 11, 12 and diabetes 13 that have set the stage for important population-based outcomes research for these conditions. There have been previous efforts to use health administrative data to identify people with chronic psychotic illnesses within a population using US Medicaid data and Scandinavian health registries. 14, 15 Using hospitalization data, as has been done previously, 15 accurately identifies people with schizophrenia, but will miss people who are treated primarily in ambulatory settings. This can be problematic for 2 reasons: the estimated prevalence of chronic psychotic illnesses will be lower than the true prevalence, and the sample of people will have a more severe form of illness than a population-based sample that includes people detected and treated in ambulatory care settings. Further, to our knowledge, no previous studies have considered the diagnosis of psychotic disorder NOS. This is a diagnosis that is often applied to people with chronic psychotic illnesses, particularly in ambulatory settings where clinicians do not have sufficient time, compared with clinicians working in inpatient settings, to ascertain whether criteria for schizophrenia or schizoaffective disorder have been met. There is evidence that most people who are initially diagnosed with nonspecific psychotic diagnoses like psychotic disorder NOS are ultimately diagnosed with schizophrenia or schizoaffective disorder. 16 A recent Canadian study 17 exploring diagnostic stability the year following a first-episode psychosis suggested that schizophrenia is the most stable diagnosis and other diagnoses tended to shift toward schizophrenia spectrum diagnoses. Accordingly, it is important to determine the impact of including or excluding psychotic disorder NOS when using administrative data to study health services and outcomes for people with chronic psychotic illness. It is equally important to restrict the patient population to people with diagnoses most like schizophrenia, and to exclude patients with delusional disorder and substance-related psychotic illnesses, because people with schizophrenia and related diagnoses represent a meaningfully homogeneous patient population from the perspective of diagnosis, prognosis, and service use.
Conclusion : L'utilisation de données administratives de santé pour étudier des résultats dans la population concernant les personnes souffrant de maladie psychotique chronique est faisable et valide. Les chercheurs peuvent choisir les méthodes d'identification de cas selon qu'ils préfèrent une définition plus sensible ou plus spécifique de la maladie psychotique chronique.
Aims of Our Study
Our study aimed to validate algorithms to detect people with chronic psychotic illnesses in Ontario in health administrative databases. We compared algorithms containing administrative data from inpatient hospitalization and physician service claims with diagnostic information abstracted directly from clinical records (our reference standard) to determine the most optimal method for identifying people with schizophrenia using health administrative data. We used 2 reference standards for chronic psychotic illness: schizophrenia and (or) schizoaffective disorder (specific definition); and schizophrenia, schizoaffective disorder and (or) psychosis NOS (nonspecific definition). Our hypotheses were 2-fold: including physician visits in addition to hospitalization diagnoses would increase sensitivity but decrease the PPV of algorithms to capture cases of chronic psychotic illness, and including psychotic disorder NOS as a diagnostic category in addition to using schizophrenia and schizoaffective disorder alone would increase the sensitivity without affecting specificity of diagnostic health administrative algorithms.
Methods

Study Design and Setting
We conducted a chart abstraction study in Ontario. The administrative health data used to create case definitions for identifying people with schizophrenia or schizoaffective disorder were obtained from ICES. ICES is a nonprofit research organization that uses population-level databases to evaluate health care services and their effectiveness in Ontario. Patient-level records in these data are anonymously linked to each other through a unique identifier (ICES key number) using the RPDB for every Ontario resident with an assigned health care number. Ontario has a single payer, universal health care system that provides coverage for health care, including physician visits and hospitalizations, and captures information on all of these visits. To validate the administrative health case definitions, clinical charts were abstracted at 2 hospitals in Toronto. One (CAMH) is an academic tertiary care psychiatric hospital providing longterm care and inpatient care for people with schizophrenia, as well as many other types of psychiatric care to people from Toronto and across Ontario; the other (St Joseph's Health Centre) is a community-based urban hospital with a general psychiatry department that provides psychiatric crisis service, as well as inpatient and ambulatory care mainly to people living in the Toronto area. These 2 hospitals were chosen to be representative of 2 different types of health care centres where people with psychiatric conditions, including schizophrenia, are likely to receive inpatient and ambulatory care. From each hospital, we aimed to abstract 150 charts restricted to patients with psychiatric diagnoses between 2002 and 2007. Nineteen charts were excluded because they did not contain sufficient health information to permit abstraction, leaving a total of 281 charts for the study sample.
Administrative Data Case Definitions
Data sources for the administrative data algorithms were the population-level health administrative databases at ICES. Psychiatric hospitalizations were captured from 2 databases. Prior to 2005, all psychiatric hospitalizations were captured in the CIHI-DAD, which used the ICD-10 diagnostic system from 2002 onward. In 2005, the OMHRS was created and captures all hospitalizations occurring in mental health-designated hospital beds, recording discharge diagnoses using the DSM-IV diagnostic system. Physician service claims were captured using the OHIP database for physician billings for physician visits and consultations that lists patient diagnostic codes. Using diagnostic codes for schizophrenia and schizoaffective disorder (the specific diagnostic codes: CIHI-DAD ICD-10 F20 and F25; OMHRS DSM-IV schizophrenia and schizoaffective disorder; and OHIP 295), we identified people with hospitalization only; hospitalization and 1 physician visit; hospitalization and 2 physician visits within 24 months; and hospitalization and 3 physician visits within 36 months. We increased the number of physician visit time frames for diagnosis to determine whether increasing the requirements for ambulatory-based diagnosis corresponded to an increase in specificity. We repeated the above algorithms to add psychotic disorder NOS (the nonspecific diagnostic codes: ICD 10 F29; DSM-IV; and OHIP 298) to the first algorithm containing schizophrenia and schizoaffective disorder based on evidence that people with this diagnosis are often indistinguishable from people with schizophrenia and schizoaffective disorder. 16 Thus we had 4 specific and 4 nonspecific algorithms, for a total of 8 administrative case definitions for chronic psychotic illness.
Chart Abstraction and Validation
The charts were abstracted using the OPCRIT, a software package used to systematically abstract health records to generate psychiatric diagnoses, including from DSM-IV (for Ontario psychiatric hospitalization diagnoses) and ICD-9 (for Ontario physician billing data). OPCRIT has good interrater reliability when compared with trained clinicians abstracting charts [18] [19] [20] and is now incorporated into the clinical record at major hospitals in the United Kingdom. 21 A mental health nurse was trained on the OPCRIT and abstracted information from all 281 charts to generate a specific diagnosis of schizophrenia or schizoaffective disorder, and a nonspecific diagnosis of psychotic disorder that also included the category of psychosis NOS. For validation, the 281 patient records (148 from CAMH and 133 from St Joseph's Health Centre) were linked to the health administrative data housed at ICES using patient health card numbers. After linkage, all patient identifiers were removed from the data and destroyed. The diagnoses generated from the various health administrative data algorithms were then compared with the chart-abstracted diagnoses (both the specific and nonspecific definitions) to produce sensitivity, specificity, PPV, and NPV for each algorithm. 
Demographic Variables
For the purposes of describing the sample, we captured age, sex, and neighbourhood income quintile for all subjects. Age and sex are available from the RPDB. Neighbourhood income is derived using the patient's postal code information and neighbourhood income from Census data. 
Results
Study Cohort
Among the 281 patients, 85 (30%) were identified as having schizophrenia or schizoaffective disorder using OPCRIT. The number increased to 130 (46%) when the OPCRIT definition included a diagnosis of psychotic disorder NOS. There were more cases of chronic psychotic illness at St Joseph's Health Centre, the community-based hospital, than CAMH. Characteristics of the study population are described in Table 1 .
Test Characteristics of the Health Administrative Data Algorithms
Test characteristics for each of the 8 health administrative algorithms, compared with both the specific and nonspecific OPCRIT diagnoses, are described in Table 2 . For the specific OPCRIT diagnosis (that is, schizophrenia or schizoaffective disorder only), the sensitivity of the health administrative data algorithms ranged from 82.4% to 98.8%, and specificity ranged from 31.1% to 74.5%. The PPVs were moderate, ranging from 38.4% to 58.3%, whereas the NPV was much higher, ranging from 90.7% to 99.0%. For the nonspecific OPCRIT diagnosis (schizophrenia, schizoaffective disorder, or psychotic disorder NOS), the sensitivity of the health administrative algorithms was similar to the OPCRIT-specific diagnosis, ranging from 74.0% to 96.0%, but the specificity was higher, ranging from 38.0% to 84.7%. While the addition of physician service claims in all cases improved sensitivity, health administrative data algorithms using hospitalization data only generated the highest specificity and PPV. For health administrative algorithms that included physician visits, specificity was increased with an increasing number of visits, with the specificity reaching 90% and NPV reaching 89%, but with a modest decrease in specificity (68%) and PPV (71%), compared with algorithms using only hospitalization data. There were no meaningful differences between the health administrative algorithms that incorporated the psychosis NOS diagnosis, compared with those that did not.
Discussion
We used OPCRIT, a well-tested instrument developed to derive psychiatric diagnoses from chart abstraction, to test whether we could generate a valid, population-based sample of people with chronic psychotic illness within a large, population-based health administrative database. We tested 2 hypotheses: including physician visits in addition to hospitalization diagnoses would increase sensitivity but decrease the PPV of algorithms to capture cases of chronic psychotic illness; and including psychotic disorder NOS as a diagnostic category in addition to using schizophrenia and schizoaffective disorder alone would increase the sensitivity without affecting specificity of diagnostic health administrative algorithms. Our first hypothesis was borne out; using hospitalization data from health administrative records, we were able to adequately identify people with chronic psychotic illness (schizophrenia, schizoaffective disorder, and [or] psychosis NOS) with sensitivity of 74%, specificity of 85%, PPV of 80%, and NPV of 79%. Using a health administrative data definition of a hospitalization or 3 physician service claims within 3 years, we were able to increase the sensitivity of the diagnosis to 90% and the NPV to 89% with a modest decrease in specificity (68%) and PPV (71%). Our second hypothesis was also true; including psychotic disorder NOS to the 2 main primary psychotic illnesses (schizophrenia and schizoaffective disorder) increased sensitivity without decreasing specificity. The specificity described in our study is likely less than the true specificity when applied to the entire population. The prevalence of psychiatric illnesses is much lower in the general population, thus the rate of false Validation of a Population-Based Algorithm to Detect Chronic Psychotic Illness positives will likely be much lower, and the specificity will be higher than we reported. While investigators may choose to use algorithms that incorporate physician service claims, our study has demonstrated that health administrative data can, and should, be used to study population-based outcomes for people with chronic psychotic illnesses such as schizophrenia and schizoaffective disorder. It has also demonstrated that health administrative data codes for schizophrenia and schizoaffective disorder capture people with these disorders, as well as those with the more nonspecific psychosis NOS designation.
There have been many publications using health administrative data to describe population-based outcomes for people with psychosis. Surprisingly, there have been relatively few validation studies to support the use of health administrative data for such studies. 14, 15 These studies are quite dated 14 or are restricted to hospitalization data only. 15 Restricting data to hospitalizations creates the risk of not accounting for less severe cases of schizophrenia and thus biasing the population-based registry to people who have worse outcomes. Our study reveals that including cases ascertained through physician visit data increases sensitivity, but at the risk of generating false positives (that is, it lowers PPV). Thus whether one includes cases through physician billings or restricts to those only acquired through hospitalization diagnosis will depend on whether a researcher wants a chronic psychosis cohort that is inclusive but has false-positive cases or a chronic psychosis cohort that is highly specific but misses cases, particularly people who may have less severe forms of chronic psychosis. Therefore, if a researcher wants to be more certain of the diagnosis, and is interested in a sample that tends to be more severely ill, then using hospitalizations only for case detection would be advantageous, with the disadvantage of a relatively high false-negative rate. Conversely, if a researcher wants to capture as close to the entire population of people with chronic psychotic illnesses as possible, then including physician visits for case detection would be advantageous, with the disadvantage of a relatively high false-positive rate. Both types of algorithm have merits and shortcomings, and one approach may be to use one algorithm (for example, hospitalization only) and then conduct a sensitivity analysis using the other in a given study. There has also been variation in the diagnoses used to capture people with chronic psychotic illnesses. 14, [22] [23] [24] We tested 2 health administrative data algorithms: one that included only schizophrenia and schizoaffective disorder, and one that added psychotic disorder NOS to the 2 specific diagnoses. Including psychotic disorder NOS generally improved the test characteristics of the health administrative data algorithms relative to the OPCRIT reference standard, suggesting that, in Ontario, many psychiatrists use the psychotic disorder NOS diagnosis for people who would be defined as having schizophrenia or schizoaffective disorder by OPCRIT criteria.
The strengths of our research are as follows: we used a welldescribed and tested instrument (OPCRIT) to abstract health records; we used 2 different settings (a tertiary care psychiatric hospital and a community-based hospital) to increase the generalizability of our findings; we specifically tested different sets of diagnoses to capture people with chronic psychotic illnesses; and we included physician visit data to attempt to capture a more representative population-based sample of people with chronic psychotic illnesses. We also constructed diagnostic algorithms that are easily replicable in other jurisdictions and, as such, are likely generalizable to any clinical setting where health administrative data are routinely collected. There are also limitations to our analysis. First, our sample size was relatively small; however, we were able to generate test characteristics with reasonable confidence intervals. Second, we used hospitals as sites for abstracting health records. We elected to not conduct a chart abstraction study in primary care settings for 2 reasons: the prevalence of schizophrenia is quite low, making it very unlikely that we would be able to develop a validated sample of subjects with chronic psychosis from primary care setting chart abstraction; and with the high rate of hospitalization and the high volume of ambulatory care and early intervention programs run by hospitals, people with chronic psychotic illnesses are likely to have contact (and therefore generate either hospitalization or physician visit health administrative data) at community hospitals or tertiary care mental health centres.
In summary, we have demonstrated that diagnostic algorithms using health administrative data can be used to capture population-based cohorts of people with chronic psychotic illnesses. We have further demonstrated that using an inclusive set of diagnoses captures a wider range of severity as demonstrated by an improved sensitivity. Further, using physician visits as an option to detect cases also yields a wider range of severity with a much higher sensitivity, but with a decrease in specificity. The algorithm one uses depends on the need for representativeness (at the cost of including false-positive cases) or a more specific cohort (at the cost of missing potentially less severely ill cases). Validating algorithms to identify people with chronic psychotic illnesses is a very important and foundational step in the goal of conducting high quality research mapping the outcomes of this vulnerable population.
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